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Abstract—The use of Africanised honeybee (Apis mellifera scutellata Lepeletier) hives to increase pollination 
success in apple orchards is a widespread practice. However, this study is the first to investigate the number of 
honeybee hives ha-1 required to increase the production of fruits and seeds as well as the potential contribution of 
the stingless bee Mandaçaia (Melipona quadrifasciata anthidioides Lepeletier). We performed tests in a 43-ha apple 
orchard located in the municipality of Ibicoara (13º24’50.7’’S and 41º17’7.4’’W) in Chapada Diamantina, State of 
Bahia, Brazil. In 2011, fruits from the Eva variety set six seeds on average, and neither a greater number of hives 
(from 7 to 11 hives ha-1) nor a greater number of pollen collectors at the honeybee hives displayed general effects on 
the seed number. Without wild pollinators, seven Africanised honeybee hives ha-1 with pollen collectors is currently 
the best option for apple producers because no further increase in the seed number was observed with higher hive 
densities. In 2012, supplementation with both stingless bees (12 hives ha-1) and Africanised honeybees (7 hives ha-1) 
provided higher seed and fruit production than supplementation with honeybees (7 hives ha-1) alone. Therefore, the 
stingless bee can improve the performance of honeybee as a pollinator of apple flowers, since the presence of both of 
these bees results in increases in apple fruit and seed number.  
Keywords:  Pollination deficit, Apis mellifera scutellata Lep., Melipona quadrifasciata anthidioides Lep., Malus domestica, 
Brazil. 
INTRODUCTION 
The  intensification  of  crop  production  causes  the 
expansion  of  agricultural  boundaries  toward  natural  areas. 
Reports in the literature indicate that the intensive use of soil 
by conventional agriculture is one of the main factors causing 
the  decrease  in  richness  and  abundance  of  pollinators 
throughout the world (Tilman et al. 2002; Taki et al. 2011; 
Klein et al. 2012; Viana et al. 2012). The current decline in 
managed honeybee stocks (Potts et al. 2010a; Potts et al. 
2010b) and the loss of native pollinators (Cameron et al. 
2011)  threaten  crop  production  by  increasing  pollination 
deficits (Kremen et al. 2002; Garibaldi et al. 2013; Kennedy 
et al. 2013). 
To  compensate  for  the  pollination  deficit,  pollinator 
management has focused on supplementing crop fields with 
bee  colonies  to  improve  fruit  and  seed  production  inside 
farms. These managed colonies are mainly social bees of the 
genus  Apis  (Kevan  1997;  Delaplane  &  Mayer  2000).  In 
many  Brazilian crops, the  management of honeybee  (Apis 
mellifera  scutellata  Lepeletier)  hives  is  a  widely  used  and 
efficient practice for pollination. Nevertheless, this practice is 
under-utilised with wild solitary (Roubik 1989; Freitas & 
Oliveira-Filho 2001; Bosch & Kemp 2002) and social bees 
(Venturieri  2008),  largely  due  to  the  current  lack  of 
knowledge  of  the  basic  aspects  of  the  biology  of  native 
species, methods of husbandry and taxonomic impediments 
(Imperatriz-Fonseca et al. 2012). 
Despite  the  widespread  use  of  honeybees  for  crop 
pollination,  aspects  regarding  the  appropriate  number  of 
hives and the potential positive interaction with wild bees are 
poorly  understood.  Some  authors  have  suggested  that  the 
recommended density of hives depends on the attractiveness 
of  the  focal  crop  to  pollinators  (Paranhos  et  al.  1998; 
Delaplane  &  Mayer  2000;  Finta  2004).  Furthermore,  the 
wild bee abundance in the crop is linked to a combination of 
the surrounding landscape (Taki et al. 2011; Kennedy et al. 
2013)  and  the  on-farm  practices  friendly  to  pollinators 
(Kremen  &  Miles  2012;  Kremen  et  al.  2012).  Other 
important factors that may influence the foraging activity of 
wild bees in crops include the interspecific interactions and 
Received 11 September 2013, accepted 2 September 2014 
*Corresponding author; blande.viana@gmail.com, Phone 55 
(71) 3283-5951 262  VIANA ET AL.  J Poll Ecol 14(25) 
 
weather conditions during the flowering season (Brittain et 
al. 2012; Brittain et al. 2013).  
The bee species A. mellifera scutellata Lepeletier is more 
effective in pollinating apples when collecting pollen because 
these  bees  exhibit  side-walking  behaviour  when  collecting 
nectar (Silva  FO, pers. comm.), which is favoured by the 
external floral morphology and has been previously recorded 
in apple flowers (Degrandi-Hoffman et al. 1987). However, 
there is a need for consistent information regarding the usage 
of devices, such as pollen collectors, in honeybee hives to 
improve  pollen  collection  and  transfer  among  flowers  in 
crops (Manning et al. 2010). Loper et al. (1985) reported 
that  the  collectors  remove  close  to  16%  of  the  pollen 
collected by the bees, and this increased the collection of 
pollen by a factor of 1.8 in almond groves. Because of a 
reduction  in  the  quantity  of  pollen  grains  stored  in  the 
colony, pollen collectors may increase pollen gathering by 
bees (Nelson et al. 1987; Delaplane & Mayer 2000).  
Furthermore,  pollen  collectors  may  influence  the 
development  of  the  hive  by  reducing  the  construction  of 
brood  combs  (Loper  et  al.  1985),  causing  the  death  of 
individual  bees,  decreasing  pollen  storage  inside  hives 
(Manning  et  al.  2010)  and  changing  the  behaviour  and 
intensity of bee foraging, especially in weak hives (with less 
than  four  brood  boxes)  that  contain  fewer  workers  than 
strong hives (Hoopingarner & Waller 1993; Delaplane & 
Meyer 2000; Dag et al. 2003). Based on these results, the 
same  authors  also  recommend  that  the  number  of  brood 
boxes in honeybee hives used for crop pollination should be 
greater than four. These findings underline the importance 
of proper management with a pollen collector to promote 
adequate pollination conditions. 
In  Chapada  Diamantina  (Bahia  state,  Brazil),  Eva  and 
Princess (“polliniser”) apple varieties are raised together in 
the  studied  orchard.  In  2010,  the  seed  number  was 
significantly  lower  in  naturally  pollinated  (mean  =  4 
seeds/fruit)  than  in  manually  crossed  fruits  (mean  =  8 
seeds/fruit) and was taken as indicative of pollination deficit 
in  the  studied  apple  orchard,  although  the  orchard  was 
supplemented  with  5  honeybee  hives  ha-1  (Silva  et  al. 
unpublished data). In the same year, the productivity was 10 
tons ha-1, which is less than that observed in the SE region of 
the country, where productivity may reach levels of up to 50 
ton ha-1 (Petri et al. 2011; BRASIL 2012).  
The  productivity  data  for  apple  trees  in  the  region 
prompted  us  to  investigate  whether  a  higher  number  of 
honeybee and pollen collectors at the hive would diminish 
the  pollination  deficit.  However,  the  efficiency  of  pollen 
collectors in A. mellifera scutellata hives managed for crop 
pollination has never been experimentally tested. Based on 
previous  observations,  we  expected  that  pollen  collectors 
could improve foraging for pollen among apple trees and, in 
turn, successful pollination.  
We also investigated whether Africanised honeybee hives 
(A. mellifera scutellata) together with managed hives of the 
stingless bee Melipona quadrifasciata anthidioides Lepeletier 
“Mandaçaia”  (Meliponini)  would  reduce  the  pollination 
deficit in the apple orchard. Our study is expected to provide 
information that will support apple producers in successfully 
managing pollinating bees to improve yield. Moreover, the 
generation of empirical data on the effectiveness of native 
bees as pollinators may contribute to an improvement of on-
farming friendly practices within apple orchards and their 
surroundings that will conserve natural populations of wild 
pollinators. 
MATERIALS AND METHODS 
Study area 
Our two-year study was performed in an apple orchard 
belonging  to  the  Bagisa  Company  for  Agriculture  and 
Commerce, South America (13º24'5.7''S and 41º17'7.4''W), 
located in a region of irrigated agricultural land between the 
municipalities of Ibicoara and Mucugê, State of Bahia, Brazil 
(Figure 1). The area is bordered by the Chapada Diamantina 
National Park, the dominant natural vegetation in the region 
is  of  the  savannah  arboreal  type,  and  the  area  includes 
elements of high-altitude grasslands growing at an altitude of 
almost 1,100 m. The mean annual temperature is 21 ºC, 
varying between 26 ºC and 16 ºC. The rainy season is from 
November to March, and the mean annual precipitation is 
757  mm  (data  obtained  from  the  Bagisa  farm  weather 
station). 
The apple orchard and design 
The 43-ha orchard consists of 36 parcels of 1.2 ha each, 
which are organised into three blocks located 10 m apart 
from each other (Figure 2). The apple trees were planted in 
2006 and 2007 (18 parcels each), and the trees planted each 
year correspond to 50% of the orchard area. Each parcel 
contained 14 rows, and the distance between two consecutive 
rows is 4 m. In every row, the apple trees are spaced 1.5 m 
apart from each other and are arranged at a ratio of five 
producing trees per one “polliniser” tree (5 Eva:1 Princess). 
However, in some rows, this proportion varies because the 
farmer used 7 to 8 Eva trees to one Princess such that the 
latter represents 10-12% of the trees inside the orchard. The 
features that make Princess trees a suitable “polliniser” for 
Eva trees are pollen compatibility, coincidence in flowering 
period,  number  of  anthers/flowers,  number  of  pollen 
grains/anthers,  and  higher  pollen  germination  level 
compared with other polliniser varieties (Albuquerque-Junior 
et al. 2010).  
The farmer applies synthetic hormones during June; the 
trees bloom between July and the beginning of August, and 
the  blooming  lasts  for  approximately  ten  to  fifteen  days. 
Hormone application was performed every eight to ten days 
in six parcels at a time such that two parcels in each block are 
sequentially in bloom. Therefore, according to the location 
and number of parcels in bloom, we established rectangular 
experimental areas 50 m × 25 m in size aligned along the 
rows and placed at a distance of 10 m from the edge of the 
parcel of the orchard between rows 5 to 12 (Figure 2). The 
dataset on flower density and number of seeds and  fruits 
used in this study was gathered from four plots consisting of 
two  trees  of  each  variety  marked  within  the  experimental 
areas  following  the  method  described  by  Vaissière  et  al. October 2014  STINGLESS BEES FURTHER IMPROVE POLLINATION  263 
 
 
FIGURE 1.  Location of the studied apple orchard in the region of Chapada Diamantina. Bahia State is located in the northeast of 
Brazil (a), and Chapada Diamantina is in the central part of Bahia State (b). Right panel, high-resolution (pixels of 5 m per side) 
satellite image (SPOT) obtained in September of 2008 (c); the studied apple orchard is located in the pole of irrigated agriculture 
between the municipalities of Ibicoara and Mucugê (190,000 ha or approximately 470,000 acres) and is bordered by Chapada 
Diamantina National Park. 
 
FIGURE 2.  High-resolution (pixels of 5 m per side) satellite image (SPOT) obtained in September of 2008 showing the 43-ha study area, 
which constitutes an apple orchard in the Bagisa Company farm (X: 238,519.993 UTM; Y: 8,531,325.085 UTM) in the municipality of Ibicoara 
(State of Bahia, Brazil). The apple orchard is divided into three blocks (A, B and C) comprising 36 parcels (1.2 ha or 60 × 200 m each); each block 
has 12 parcels. The orchard area is divided into two 18-parcel grids (Glebe 500 05 and Glebe 500 06) according to the age of trees.  264  VIANA ET AL.  J Poll Ecol 14(25) 
 
TABLE 1.  Bee colony and management tested in the apple orchard in 2011 and 2012 using hives of Apis mellifera scutellata Lepeletier and 
Melipona quadrifasciata anthidioides Lepeletier to improve crop pollination in Chapada Diamantina, State of Bahia, Brazil. 
Bee colony density and management tested  Parcel ID  Number of 
blooming parcels 
2011     
7 A. mellifera hives ha-1 without pollen collector  4A, 4B  12 
7 A. mellifera hives ha-1 with pollen collector  4A, 4B  12 
9 A. mellifera hives ha-1 without pollen collector  5A, 1B  18 
9 A. mellifera hives ha-1 with pollen collector  5A, 1B  18 
11 A. mellifera hives ha-1 without pollen collector  6A, 2B  24 
11 A. mellifera hives ha-1 with pollen collector  6A, 2B  24 
2012     
7 A. mellifera hives ha-1 with pollen collector + 12 native bee hives ha-1   1A, 1B, 1C  3 
7 A. mellifera hives ha-1 with pollen collector  3A, 3B, 4C  6 
 
(2011). Because of the spatial arrangement of the varieties, 
we were able to mark adjacent Eva trees but not adjacent 
Princess trees, which were marked in adjacent rows instead.  
Flower density 
The flower density may influence the attractiveness of 
and bee visitation to apple flowers. Therefore, following the 
method described by Vaissière et al. (2011), we recorded the 
flower number from eight sampling trees that were grouped 
in four plots marked in the inner rows of each experimental 
area.  To  estimate  the  flower  production  per  tree,  two 
opposite  branches  (minimal  base  width  of  3  cm)  were 
selected to record the number of open flowers. Then, the 
average  number  of  flowers  from  these  two  branches  was 
multiplied by the total number of branches in the tree.  
In each parcel, the flower density of both varieties (n = 
48 Eva and n = 48 Princess) was analysed only once per 
season during the bee colony density experiment to obtain a 
total of 96 data points each year. In 2011, the trees were 
sampled from six parcels, resulting in a total of 32 trees for 
each bee colony density tested (Table 1), whereas in 2012, 
the flower counting was performed with 48 trees in three 
parcels  with  stingless  bee  hives  and  Africanised  honeybee 
hives and six parcels with Africanised honeybee hives only 
(Table 1). Then, we estimated the number of flowers in the 
parcel by multiplying the total number of trees (n = 2800 
trees per parcel) by the mean flower density of individual 
trees.  
Bee colony density  
For the tests performed in 2011 and 2012, the number 
of  Africanised  honeybee  and  stingless  bee  colonies  was 
increased sequentially to control the density level in relation 
to the number of blooming parcels. In both years, the hives 
were placed only in blooming parcels. Therefore, the number 
of honeybee hives needed for the tested densities of 7, 9 and 
11 hives ha-1 were, respectively, 84, 162 and 264 (Table 1). 
To  obtain  an  independent  dataset  and  avoid  biasing  the 
results of the experiments, each set of two sampling areas had 
different levels of bee colony density with no superposition 
in time.  
The honeybee hives were transported into the orchard at 
night during the peak of flowering and 24 hours prior to the 
start of the controlled density test. Within the parcels, the 
hives were organised at a distance of 10 m from the edge, 
separated  from  each  other  by  a  distance  of  8  m  in  the 
treatments with 7 and 9 hives ha-1 and by a distance of 4 m 
in the treatments with 11 hives ha-1, and left there until the 
end of flowering. 
The  hives  were  placed  on  a  metal  support  to  avoid 
attacks  by  predators  at  a  height  of  approximately  0.5  m 
above the ground. The pollen collector model used in this 
study  consisted  of  a  screen  of  plastic  material  containing 
orifices measuring 4.5 mm in diameter that removed part of 
the pollen transported in the bee’s corbicula as it enters the 
hive.  The  pollen  was  collected  underneath  in  a  receptacle 
that did not allow its recovery by bees or ants. The hives 
were inspected by one of the authors in the apiary to equalise 
the bee colony strength based on the number of brood boxes 
(between rows 3 and 4) and health state (ex. presence of a 
new  and  active  queen,  foraging  activity  and  no  signals  of 
diseases).  
Because we had a limited number of stingless bee hives 
available for the tests (n = 36 colonies), we performed the 
density  tests  in  three  blooming  parcels.  To  achieve  the 
desired bee colony density, we used 21 honey bee hives (7 
hives  ha-1  with  pollen  collectors)  and  36  stingless  bee 
colonies (12 colonies ha-1) (Table 1). Later on, when  six 
parcels were in bloom, we removed the stingless bee colonies 
to test the Africanised honeybee colony density only using 
42 hives (7 hives ha-1 with pollen collectors). Prior to the 
start of the density experiment, the stingless bees were left in 
the orchard for five days to forage before the Africanised 
honeybee  hives  were  introduced  into  the  orchard.  The 
stingless  bee  hives  were  left  in  the  orchard  for  nine 
consecutive days during the peak flowering period. 
The  Africanised  honeybee  hives  were  placed  in 
alternating rows at a distance of 10 m from the edge of the 
parcel,  whereas  the  stingless  bee  (M.  quadrifasciata 
anthidioides) hives at 12 hives ha-1 were placed in the centre 
of the parcel in groups of four colonies per row, and the 
distance between the colonies within the row was 3 m. The October 2014  STINGLESS BEES FURTHER IMPROVE POLLINATION  265 
 
stingless bee hives were maintained over wood supports 0.8 
m above the ground.  
The stingless bee hives were obtained from a meliponary 
located  410  km  from  the  orchard.  Each  colony  had 
approximately 300-400 workers bees and was sensitive to 
changes in the weather conditions (Nogueira-Neto 2007). 
Because  of  the  transportation  distance  and  the  different 
weather  conditions  between  their  original  place  and  the 
orchard area, the colonies were allowed to acclimate for 30 
days. During that period, the colonies were maintained in a 
bee yard located in the study region and foraged for pollen 
and nectar on native plants and crops, such as eggplant, giloh 
and pumpkin.  
Number of seeds and fruits 
Following  the  method  described  by  Vaissière  et  al. 
(2011), we marked and bagged two buds from two different 
inflorescences in each apple tree from the pollination tests in 
2011 and 2012. For each variety, we marked a total of 24 
buds in the centre of the inflorescence (“king blossom”). In 
2011,  opened  flowers  were  unbagged  and  exposed  for 
visitation  by  the  potential  pollinators  for  24  h  when  the 
pollen  collectors  were  not  at  the  hives  (two 
flowers/tree/parcel)  and  when  the  pollen  collectors  were 
present (two flowers/tree/parcel). Therefore, eight trees of 
the Eva variety and eight trees of the Princess variety were 
marked in each parcel. In total, 48 apple trees were used (n 
= 24 trees for each type of colony density tested) for each 
apple variety (total = 96 trees). In 2012, three flowers per 
marked tree (i.e., 288 flowers in total) were randomly chosen 
to record the number of seeds in the fruits formed. As in 
2011, the flowers were also bagged, and the seeds and fruits 
were counted thirty days later. 
In  2011,  only  the  data  from  the  Eva  trees  were 
statistically  evaluated,  whereas  in  2012,  data  from  both 
varieties were analysed. The number of seeds was estimated 
for  the  two  years  of  the  study,  whereas  the  fruits  were 
counted only in 2012 due to the great loss of samples caused 
by their accidental removal during pruning by the farmer.  
Statistical analysis 
For the 2011 data, we estimated a general linear mixed-
effects  model  (GLMM)  of  the  influences  of 
supplementation  with  honey  bee  hives  (quantitative 
predictor:  7,  9,  and  11  hives  ha-1),  pollen  collector 
(categorical  predictor  with  two  levels:  yes,  no),  and  their 
interactions as fixed effects on the number of seeds per fruit 
of  the  Eva  variety  (Gaussian  error  distribution).  For  the 
2012  data,  we  estimated  a  GLMM  of  the  influences  of 
supplementation with 12 Melipona quadrifasciata hives ha-1 
(categorical predictor with two levels: yes, no), apple variety 
(Eva or Princess), and their interactions as fixed effects on 
the number of seeds per fruit and the number of fruits per 
tree (Gaussian error distribution). All of the parcels during 
2012 were supplemented with 7 A. mellifera hives ha-1 as 
pollen collectors. For the two models (2011 and 2012), we 
included  the  number  of  flowers  per  ha  as  a  fixed-effect 
covariate and the parcel as a random effect (random intercept 
model)  to  account  for  the  fact  that  individual  trees  were 
spatially nested within parcels (treatments were applied to 
spatially and temporally segregated parcels, see Table 1). The 
significance  was  tested  through  analysis  of  variance 
(ANOVA; assumptions were valid in all cases). The models 
were estimated using the lme function of the nlme package 
(Pinheiro, Bates, DebRoy, Sarkar & Team, 2012) in the R 
software (R Development Core Team, 2011). 
RESULTS 
In 2011, apple trees from the Eva variety set six seeds 
per fruit on average (seed production). A greater number of 
hives (from 7 to 11 hives ha-1; F1,3 = 0.83, P = 0.43) or the 
addition  of  pollen  collectors  (F1,52  =  1.7,  P  =  0.19) 
produced no general effects on the seed production (Figure 
3). However, we found a marginally significant interaction 
between the effects of the Africanised honeybee number and 
the pollen collectors (F1,52 = 3.6, P = 0.064) associated with 
a higher seed production (eight seeds on average) of trees 
without pollen collectors in plots with 11 hives ha-1 (Figure 
3).  There  was  no  further  significant  increase  in  the  seed 
production that could be related to pollen collectors beyond 
the density of 7 hives ha-1 because the mean number of seeds 
under the treatment of 7 hives ha-1 + pollen collectors was 
similar to that obtained with the treatment with 11 hives ha-
1.  The  number  of  flowers  per  ha  did  not  affect the  seed 
production (F1,3 = 1.3, P = 0.34).  
In  2012,  supplementation  with  the  stingless  bee 
(Melipona  quadrifasciata  anthidioides)  and  Africanised 
honeybees (7 hives ha-1) produced a higher seed production 
and  higher  fruit  production  than  supplementation  with 
Africanised  honeybees  (7  hives  ha-1)  alone  (Figure  4). 
However, the magnitude of this increase depended on the 
crop variety (M. quadrifasciata × variety interaction: seed 
production F1,86 = 7.9, P = 0.0062; fruit production F1,86 = 
6.2,  P  =  0.015).  For  the  Eva  (production)  variety,  the 
addition of M. quadrifasciata increased the seed production 
and fruit production by 67% (from three to five seeds) and 
44% (from 64 to 92 fruits), respectively. In contrast, for the 
Princess  (polliniser)  variety,  the  addition  of  M.  
 
 
FIGURE 3.  Number of seeds per fruit (seed production) from 
Eva  trees  in  2011  in  relation  to  the  number  of  Africanised 
honeybee hives ha-1 without pollen collectors (dark grey bar) and 
with pollen collectors (light grey bar).  266  VIANA ET AL.  J Poll Ecol 14(25) 
 
 
 
FIGURE 4.  Fruit (4a) and seed production (4b) in Eva (dark 
grey bar) and Princess (light grey bar) apple trees (n = 24 trees for 
each tested density). The dataset obtained in 2012 was from three 
parcels densely populated with both stingless bees (n = 12 colonies 
ha-1) and Africanised honeybees (7 hives ha-1 with pollen collectors) 
and  three  parcels populated with  Africanised  honeybees  only  (7 
hives ha-1 with pollen collectors).  
quadrifasciata did not affect the seed production (seven seeds 
per fruit on average) or fruit production (80 fruits per tree 
on average). In general, the trees in plots with a higher flower 
number per ha set more seeds (F1,86 = 9.6, P = 0.0026), but 
no differences were found in fruit production (F1,86 = 0.33, P 
= 0.57). 
DISCUSSION 
The pollination deficit in the study orchard was detected 
by  supplementation  experiments,  in  which  increased  seed 
production  and  fruit  production  were  obtained  with  the 
addition  of  pollinators.  Our  study  also  highlighted  the 
finding that the productivity of the apple crop in Chapada 
Diamantina  relies  on  supplementation  with  Africanised 
honeybee  hives,  with  densities  much  greater  than  those 
traditionally used for this crop, which range from 1 to 5 
hives ha-1 (Degrandi–Hoffman et al. 1987; Delaney & Tarpy 
2008; Khan & Khan 2004; Paranhos et al. 1998). In the 
Minas Gerais State, orchards with the Eva variety require 
only  0.5  hives  ha-1  for  efficient  pollination  (Farmer's 
Communication, Mr. José  Lázaro, owner of the Corredor 
Farm (X: 0597793 UTM; Y: 7627415 UTM), Piedade do 
Rio Grande, MG). One explanation for this difference is the 
colony strength used in our experiments. Most investigators 
use strong hives with high numbers of worker bees in which 
the  number  of  brood  boxes  varies  between  four  and  six 
(Hoopingarner  &  Waller  1993)  and  between  six  and  10 
(Delaplane  &  Meyer  2000;  Dag  et  al.  2003).  We  used 
intermediate or weak honeybee hives bearing three to four 
brood  combs,  which  could  explain  the  differences  in  the 
densities found. The careful observation of the optimal hive 
criteria for pollination purposes in the region is only in its 
infancy. Therefore, their management should be improved by 
incorporating them into the beekeeper’s current practices. 
Nevertheless,  the  required  number  of  colonies  in  the 
orchard remains high. Our data indicate that the efficiency of 
supplementing the apple orchard with additional managed 
bee hives levels off, suggesting a threshold in the bee density 
of 7 hives ha-1. Higher densities did not result in improved 
pollination.  Furthermore, it may be impossible to manage 
higher densities due to the high aggressiveness of Africanised 
honeybees (Dietz 1982).  
We found that, without wild pollinators, pollination is 
not  improved  by  adding  pollen  collectors  to  Africanised 
honeybee  hives  (Rashad  &  Parker  1958;  Thomson  & 
Goodell  2002;  Manning  et  al.  2010).  Two  possible 
explanations  are  that  the  honeybee  hive  density  is  more 
important than pollen collector in promoting pollen flow 
within an apple orchard and that the densities of honey bees 
were too high at seven hives per ha, which resulted in the 
pollen collectors having no detectable effect.  
A suitable alternative for increasing pollination success in 
apple orchards and complementing the use  of Africanised 
honey bees is the addition of hives of the native stingless bee 
Melipona quadrifasciata anthidioides. According to our data, 
when we added the stingless bee hives, the seed and fruit 
production in the Eva variety was higher than that obtained 
with  supplementation  with  Africanised  honey  bees  alone. 
Other  authors  have  already  noted  the  link  between  the 
presence  of  native  bees  and  increased  pollination  due  to 
interspecific interactions through an increase in between-row 
movements  by  A.  mellifera  subspecies,  which  favour  fruit 
production  in  dioecious  and  self-incompatible  crops 
(Greenleaf & Kremen 2006; Carvalheiro et al. 2011; Brittain 
et  al.  2013).  This  possibly  explains  why  flower  density 
turned  out  to  be  an  important  co-variable  favouring 
successful pollination when diversity of visitors was high in 
the studied orchard. Our data also agree with records from 
important crops worldwide, which show that the pollination 
services performed by native species cannot be substituted by 
managed exotic species, mainly A. mellifera (Garratt et al. 
2014; Garibaldi et al. 2013). Fründ et al. (2013) highlighted 
the  importance  of  bee  functional  diversity  for  the 
reproduction of plant communities and the need to identify 
complementarity traits for accurately predicting pollination 
services by bee communities and assessing whether this arises 
via  facilitation  or  competitive  interactions  or  a  species’ 
behaviour in isolation (Cardinale et al. 2002; Casula et al. 
2006; Ashton et al. 2010).  
Apple  productivity  in  the  apple  orchard  in  Chapada 
Diamantina increased from 10 ton ha-1 in 2010 to 22 ton ha-
1 and 27 ton ha-1 in 2011 and 2012, respectively (BRASIL October 2014  STINGLESS BEES FURTHER IMPROVE POLLINATION  267 
 
2012), which is significant increase in a regional context but 
represents only 50% of the productivity of the Eva variety at 
the  Corredor  Farm  in  Piedade  do  Rio  Grande  (State  of 
Minas Gerais, Brazil), which produced 40 ton ha-1 (BRASIL 
2012). This evidence indicates that the age of apple trees is 
insufficient to explain the annual change in productivity both 
in Chapada Diamantina and among apple orchards because 
both share similarities in the age of the trees, size of the 
planted area, conventional management system and climatic 
conditions.  The  lower  apple  productivity  in  the  Chapada 
Diamantina region could be explained by the low percentage 
of natural and semi-natural habitats surrounding the apple 
orchard (23% measured in a radius of 2 km from the centre 
of the orchard) (Coutinho JGE, personal communication). 
We  observed  that  very  few  wild  bees  visited  the  apple 
flowers.  Melipona  quadrifasciata  anthidioides  and  other 
stingless bees are  no longer found naturally in the region 
(Silva  FO,  personal  communication).  The  loss  of  native 
insect  species  in  landscapes  dominated  by  agricultural 
matrices  will  likely  influence  both  natural  vegetation  and 
agricultural crops isolated from natural areas (Ricketts et al. 
2008; Watson et al. 2011). Consequently, fruiting decreases 
considerably in locations with a lower abundance of wild 
insects visiting the target crop flowers (Klein et al. 2007; 
Carvalheiro et al. 2011; Garibaldi et al. 2013).  
By  highlighting  the  importance  of  native  bees  as 
pollinators of apples, this study adds to arguments for the 
adoption of friendly practices to conserve native pollinators 
and the spread of initiatives to value local biodiversity and 
develop native bee management techniques for pollination. 
The lack of appropriate techniques for the management of 
native  bees  for  pollination  in  Brazil  is  partly  due  to  the 
Brazilian legislation that regulates the management of native 
species and affects the widespread commercial use of native 
bees for pollination (Imperatriz-Fonseca et al. 2013). In this 
context,  both  farmers  and  beekeepers  require  technical 
support and information to become aware of the economic, 
social  and  environmental  benefits  of  incorporating  these 
practices.  These  practices  should  include  the  conservation 
and/or restoration of natural and semi-natural areas within 
crop  areas,  the  promotion  of  diversity,  including 
polycultures, which provide a variety of floral and nesting 
resources for pollinators, and the more prudent use of toxic 
agricultural chemicals. 
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